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What is claimed is: 
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1. in a hearing amplification deVice adapted to receive a 
sound signal, the hearing amplification device having at 
least one channel configured to /receive an input 
representative of said sound signal, the improvement 
comprising : 

said channel being further configured to provide (1) 
linear gain for an input representative of a portion of said 
sound signal having a sound llvel less than a compression 
threshold, (2) rapid compressive gain for an input 
representative of a portion Jf said sound signal having a 
sound level greater than saii compression threshold, wherein 
said rapid compressive gain L less than said linear gain, 
and (3) adaptive control of /said compression threshold. 

2. The hearing amplification device of claim 1 wherein 
said at least one channel L further configured to provide 
said rapid compressive ga^n as instantaneous compressive 
gain . 

3. The hearing amplification device of claim 2 wherein 
said at least one channel is further configured to adjust 
said compression threshold at least partially in response to 
changes in said sound sibnal. 

4. TheShearing amplification device of claim 3 wherein 
said at leak one channjbl is configured to have its 
compression th^shold initially set to a predetermined 

wherein said at least channel is 

Ldjust said compression threshold such 
s^shold is in a range of about said 
lev^l to about 20 decibels below an 



quiescent level, 
further configured td\a 
that said compression 
predetermined quiescent 



\ 
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average sound level of at least a portion of said sound 
signal . 

The hearing amplification devi/ce of -claim 3 wherein 



5. 

said at least one channel is confi 
compression threshold such that s 



is within a range of about 5 decibels below an average sound 



level of at least a portion of sa 
decibels above said average sound 



ured to adjust said 
id compression threshold 



d sound signal to about 5 
level . 



6. The hearing amplification device of claim 3 wherein 
said at least one channel is further configured to provide a 
smooth transition between said lijnear gain and said 
instantaneous compressive gain. 

7. The hearing amplification device of claim 3 wherein 
said at least one channel is fuither configured to provide a 
sharp transition between said lflnear gain and said 
instantaneous compressive gain. 

8. The hearing amplification device of claim 3 wherein 
said at least one channel is fLrther configured to provide 
(1) constant gain for an inputJ representative of a portion 
of said sound signal having a sound level greater than a 
decompression threshold, said decompression threshold being 
greater than said compression threshold, said constant gain 



being less than said compress 
instantaneous compressive gai 
constant gain for increasing 



ve gain and (2) said 
n which converges to said 
ound levels . 



9. The hearing amplificatic 
said at least one channel is 
compression threshold initial 
quiescent level, and wherein 



n device of claim 8 wherein 
configured to have its 
ly set to a predetermined 
said at least one channel is 
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further configured to adjust said compression threshold such 
that said compression threshold is in a range of about said 
predetermined quiescent level to aljfout said decompression 
threshold. 



10. The hearing amplification device of claim 8 wherein 
said at least one channel is further configured to provide 
attenuation for an input representative of a portion of said 



sound signal having a sound le 



rel greater than an 



ittenuation threshold, said attenuation threshold being 



ireater than said decompressio 



n threshold. 



device of claim 2 wherein 



11. The hearing amplif icatior 

said at least one channel is further configured to provide 
said instantaneous compressive) gain as at least square roof 
compression . 

12. The hearing amplif icatiin device of claim 2 wherein 
said at least one channel is/ further configured to adjust 
said compression threshold at least partially in response to 
a user input. 

13. The hearing amplification device of claim 2 having a 
plurality of said channels! each of said channels being 
responsive to an input representative of an audio frequency 
range different from otherj channels. 

14. The hearing amplif icktion device of claim 13 wherein 
each channel is configured to have its compression threshold 
initially set independently of each other channel, and 
wherein each channel is flirther configured to adjust its 
compression threshold at Last partially in response to 
changes in said sound signal. 
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15. The hearing amplification fclevice of claim 14 wherein 
each channel is configured to independently adjust its 
compression threshold at least/ partially in response to 
changes in said sound signal 

16. The hearing amplification device of claim 14 wherein 
each channel is further configured to provide (1) constant 
gain for an input representative of a portion of said sound 
signal having a sound leveJ greater than a decompression 
threshold, said decompression threshold being greater than 
said compression threshold said constant gain being less 
than said compressive gain! and (2) instantaneous 
compressive gain which converges to said constant gain for 
increasing sound levels. 

17. The hearing amplification device of claim 16 wherein 
each channel is configured to have its compression threshold 
initially set to a predetermined quiescent level, and 
wherein each channel is /further configured to adjust its 
compression threshold sich that its compression threshold is 
in a range of about its predetermined quiescent level to 
about said decompression threshold. 

18. The hearing amplification device of claim 17 wherein 
each channel is furthel configured to adjust its compression 



threshold such that i 
of about said predete 
decibels below an ave 
of said sound signal 



Js compression threshold is in a range 
i mined quiescent level to about 20 
age sound level of at least a portion 



19. The hearing amp L 
each channel is conf 
threshold such that :. 
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ification device of claim 17 wherein 
gured to adjust its compression 
ts compression threshold is within a 
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range of about 5 decibels below an Average sound level of at 
least a portion of said sound signal to about 5 decibels 
above said average sound level. 
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20. A method of compensating fof impaired hearing, said 
method comprising: 

linearly amplifying an input corresponding to a 
portion of a sound signal having) a sound level less than a 
compression threshold; 

rapidly compressively amplifying an input 
corresponding to a portion of a sound signal having a sound 
level greater than said compression threshold, and 

adaptively controlling said compression threshold at 
least partially in response to/changes in said sound signal. 

21. The method of claim 20 wherein said rapidly 
compressively amplifying step includes instantaneously 
compressively amplifying an iiput corresponding to a portion 
of a sound signal having a so)Lnd level greater than said 
compression threshold. 

22. The method of claim 21 (further comprising, 
initially setting said compression threshold at a 

predetermined quiescent levell; 

storing a previously determined peak value for a 
previous portion of said so|nd signal; 

determining a current jDeak value for a current portion 
of said sound signal; and 

wherein said adaptiveJy controlling step includes 
instantly increasing said iompression threshold when said 



10 determined current peak va 
peak value. 



ue is greater than said stored 
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23. The method of claim 22 wherein said adaptively 
controlling step includes: 

maintaining said compression threshold at its current 
level when said determined durrent peak value does not 
deviate by more than a predetermined triggering amount from 
said stored peak value; 

decreasing said compression threshold when said 
determined current peak vaJue deviates by more than said 
predetermined triggering aiiount from said stored peak value 

24. The method of claim £3 wherein said decreasing step 
includes : 

decreasing said compression threshold when said 
determined current peak lalue has continuously deviated by 
more than said predetermined triggering amount from said 
stored peak value for a /predetermined amount of time. 



25. The method of claim 24 wherein said adaptively 
controlling step furthfer includes: 

setting a maximuf value for said compression 

threshold; 

setting a miniim/m value for said compression 
threshold; 

estimating an average sound level for at least a 
portion of said sourjd signal from said determined current 
peak value; 

wherein said instantly adjusting step includes 
increasing said compression threshold to substantially match 
said estimated aveiage sound level when said estimated 
average sound level, is less than or equal to said maximum 
value and increasing said compression threshold to equal 
said maximum valui when said estimated average sound level 
is greater than skid maximum value; and 
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wherein said decreasing step /includes decreasing said 
compression threshold by a fixed Amount when said 
compression threshold minus said/fixed amount would not be 
less than said minimum value and decreasing said compression 
threshold to equal said minimum/ value when said compression 
threshold minus said fixed amofnt would be less than said 
minimum value. 



26. The method of claim 25 f 

providing constant gain 
a portion of a sound signal h 
.than a decompression threshold 
threshold is greater than said 
constant gain being less than 
wherein said instantaneous ccm 



irther comprising: 
for an input corresponding to 
aving a sound level greater 
, wherein said decompression 
compression threshold, said 
said compressive gain, and 
Lpressive amplification 



converges to said constant giin for increasing sound levels 

27. The method of claim 26 /wherein said step of setting 
said maximum value includes/ setting said maximum value as 
said decompression threshold, and wherein said step of 
setting said minimum value /includes setting said minimum 
value as said predetermined quiescent level. 



28. The method of claim tl further comprising: 

providing constant gain for an input corresponding to 
a portion of a sound signal having a sound level greater 
than a decompression threshold, wherein said decompression 
threshold is greater thar 
constant gain being less 
wherein said instantaneo 



29. The method of clairr 



said compression threshold, said 
than said compressive gain, and 
s compressive amplification 



converges to said constant gain for increasing sound levels. 



28 further comprisxng: 
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attenuating an input corresponding to a portion of a 
sound signal having a sound level greater than an 
attenuation threshold, wherein saifl attenuation threshold is 
greater than said decompression threshold. 



30. The method of claim 21 further comprising: 

performing each of said steps for a plurality of 
different audio frequency rangfes. 



31. The method of claim 21 farther comprising providing a 
smooth transition between saii linear amplification and said 
instantaneous compressive amp/lif ication . 

32. The method of claim 21 /further comprising providing a 
sharp transition between saifd linear amplification and said 
instantaneous compressive a/nplif ication . 

33. A nonlinear hearing amplification device adapted to 



receive and amplify a sou 
a transducer for pro 
according to a transfer f 



'd signal, said device comprising: 
messing a transducer input 
inction to thereby produce a 
transducer output, said transducer input being 
representative of a sounc signal, said transducer output 
being representative of c.n amplified sound signal, said 
transfer function being Configured to provide (1) linear 
gain for a transducer intut representative of a portion of 
said sound signal havincj a sound level less than a 

nd (2) rapid compressive gain for a 
transducer input representative of a portion of said sound 
signal having a sound level greater than said compression 
threshold, wherein said rapid compressive gain is less than 
said linear gain; and 
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a compression threshold controller coupled to said 
transducer for adjusting said compression threshold at least 
partially in response to changes in/said sound signal. 

34. The device of claim 33 wher^4n said transfer function 
is configured to obey odd symmetry, 



35. The device of claim 
memoryless to provide said rap 
instantaneously. 



33 whirein said transducer is 
.d compressive gain 



erein said compression 
a predetermined quiescent 
ller is configured to: 
level for at least a portion 



36. The device of claim 35 wl: 
threshold is initially set to 
level, and wherein said contro 

estimate an average sou 
of said sound signal; and 

adjust said compression^ threshold in a range of about 
said predetermined quiescent level to about 20 decibels 
below said estimated averacr/e sound level 

37. The device of claim 3^5 wherein said controller is 

configured to: 

estimate an average Lound level for at least a portion 

of said sound signal; andl 

adjust said compression threshold in a range of about 
5 decibels below said estimated average sound level to about 
5 decibels above said estimated average sound level. 



38. The device of claiir 
is further configured to 
said linear gain and saijd 



35 wherein said transfer function 
provide a smooth transition between 
instantaneous compressive gain. 



\ 
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39. The device of claim 35 wherein s^id transfer function 
is further configured to provide a st/arp transition between 
said linear gain and said instantaneous compressive gain. 

40. \The device of claim 35 wherein an asymptotic 
representation of said transfer function TA1 is defined by 
the gen\ral formula: 

TA=TA (u, A, U, p) , 

wherein fo\ |u| < U: 



10 



15 



20 



TA{u,A,U,p) = Au 



wherein for |u\> U 



TA{u, A,U,p) = sgn(u)A U 



wherein: 

TAl=TAl\u,U c )=TA(u, A(U C ) ,U C (Y) ,p) i 

wherein U C (Y)= U x for Y\less than Ul and Uc(Y) = Y for Y 
greater than or equal tcW, wherein Ui represents a 
quiescent level for said \ompression threshold, wherein U c 
represents an adjusted compression threshold, wherein Y 
represents a control signal \rom said controller for 
controlling said compression Weshold, wherein u represents 
said transducer input, wherein\ represents a compression 
power, and wherein A represents ^magnitude of gain, wherein 
for Y less than Ui: 

A = G X 

and wherein for Y greater than or equaJ. to U x : 



A = G, 



U, 



wherein Gi represents the magnitude of saidXlinear gain 



41. The device of claim 85 wherein said transfer function 
is further configured to provide constant gain for a 
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transducer input representative qt a portion of said sound 
signal having a sound level greater than a decompression 
threshold, wherein said decompression threshold is greater 
than said compression threshold, and wherein said constant 
gain is less than said compressive gain. 

42. T\e device of claim 41 'wherein an asymptotic 
representation of said transfer function is defined as a 
cascade ok two functions TA1 and TA2, wherein both TA1 and 
TA2 are defined the general formula: 

TA=TA (u, A, U, p) , 

wherein for |u\< U: 



wherein for |u| > 



TA(u,A,U,p)= Au 



TA{u$A, U, p) = sgn(u)AU 



wherein: 

10 TA1=TA1 (u,u\=TA(u,A(U c ) ,U C (Y) ,p) ; 

wherein U C (Y)= U x for Y les\ than 0 lf U C (Y) = Y for Y greater 
than or equal to U x and lessVhan or equal to U 2 , and 
U C (Y)=U 2 for Y greater than U 2 \ wherein Ui represents a 
quiescent level for said compression threshold, wherein U 2 
15 represents said decompression threshold, wherein U c 

represents an adjusted compressionVhreshold, wherein Y 
represents a control signal from saiNd controller for 
controlling said compression threshold wherein u represents 
said transducer input, wherein p represents a compression 
20 power, and wherein A represents a magnitude of gain, wherein 
for Y less than U x : 

A = G t 

and wherein for Y greater than or equal to U x : 
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wherein G 1 represents the magnitude of said linear gain; and 

wherein\or TA2=TA2 (u) =TA (u, 1, U 2 , p 2 ) , wherein u 
represents TAl\*herein U 2 represents said decompression 
threshold, and wh\rein p 2 represents 1/pi- 



43. The device of claim 41 wherein/said transfer function 
is further configured to provide attenuation for a 
transducer input representative if a portion of said sound 
signal having a sound level griter than an attenuation 
threshold, wherein said attenuation threshold is greater 
than said decompression threshold. 



44. Tfhe device of claim 43 wherein an asymptotic 
representation of said transfer function is defined as a 

three functions TAl, TA2, and TA3, wherein TAl , 
i3 are each defined the general formula: 
TA=TA (u, A, U, p) , 
wherein for ki I < U: 



cascade 
TA2, and 



wherein for |u| > 



TA{u,A,U,p)=Au 



Ta\, A, U, p) = sgn(u)AU 



wherein: 

10 TA1=TA1 (u,^c)=TA(u,A(U c ) ,U C (Y) ,Pi) ; 

wherein U C (Y)= U, for Y lis than U lf U C (Y) = Y for Y greater 
than or equal to U x and les\ than or equal to U 2/ and 
U C (Y)=U 2 for Y greater than uV wherein U x represents a 
quiescent level for said compression threshold, wherein U 2 
15 represents said decompression threshold, wherein U c 

represents an adjusted compression threshold, wherein Y 
represents a control signal from s\id controller for 
controlling said compression threshold, wherein u represents 
said transducer input, wherein pi represents a first 

37807 .doc 




65 

compression power, and wherein A represents a magnitude of 
gain, wh\rein for Y less than Ui: 

A = G X 

and wherein \or Y greater than or equal to Ui: 



A = G { 



U, 



U, 



wherein Gi represents the magnitude of said linear gain; 

wherein for TaVtA2 (u) =TA (u, 1, U 2 , p 2 ) , wherein u 
represents TAl or TA3\ wherein U 2 represents said 
decompression threshold^ and wherein p 2 represents 1/ Pl ; and 

wherein for TA3=TA3>u) =TA (u, 1, U 3 , p 3 ) , u represents TAl 
or TA2, wherein U 3 represen\s said attenuation threshold, 
and wherein p 3 represents a ^cond compression power, 

45. The device of claim 35 further comprising a plurality 
of said transducers and a plurality ok channels, each 
channel being responsive to a different predetermined 
channel frequency range and comprising one of said 
transducers, and wherein said controller is coupled to each 
of said transducers, wherein said/ transducer input for each 
transducer is representative of /hose frequency components 
of said sound signal that are within its corresponding 
predetermined channel frequency/ range . 



46. The device of claim 45 wherein each of said channels 
and said controller are implemented in a digital signal 
processor, each transducer i/put being a digital 
representation of said sound/ signal. 

47. The device of claim U wherein said digital signal 
processor is a multirate digital signal processor, 
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48. The device of claim 4 5 wherein /each of said channels 
and said controller are implemented/ in a plurality of analog 
components . 

49. The device of claim 35 wherein said transducer and 
said controller are implemented/ in a digital signal 
processor, said transducer inpjt being a digital 
representation of said sound signal. 

50. The device of claim 49 wfrerein said digital signal 
processor is a multirate digiJtal signal processor. 



51. The device of claim 35 Lherein said transducer and 
said controller are implemented in a plurality of analog 
components . 

52. The device of claim ^5 wherein said controller is 

configured with: 

a first operating mkde in which said controller is 
configured to not adjust said compression threshold; and 
a second operating/ mode in which said controller is 
configured to adjust sJid compression threshold at least 
partially in response to changes in said sound signal; 

wherein said controller is switchable between said 
first operating mode ^Ind said second operating mode. 

53. The device of claim 52 wherein said controller is 
further configured with: 

a third operating mode in which said controller is 
configured to fix scfid compression threshold at a current 
level; 

wherein said controller is switchable between said 
first operating modi, said second operating mode, and said 
third operating moqle . 
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54. The device of claim 53 wherein? said controller is 
configured to switch between said /first operating mode, said 
second operating mode, and said third operating mode at 
least partially in response to a/user input. 

55. A hearing amplification device for producing an 
amplified sound signal from a Received sound signal, said 
hearing amplification device comprising a digital signal 
processor configured to: 

pass a first data set representative of said received 
sound signal through a transfer function to thereby create a 
second data set representative of said amplified sound 
signal, wherein said transfefr function is configured to 
provide (1) linear gain for/ data representative of a sound 
signal having a sound levei less than a compression 
threshold, (2) instantaneous compressive gain for data 
representative of a sound /signal having a sound level 
greater than said compression threshold, wherein said 
instantaneous compressive/ gain is less than said linear 
gain; and 

adjust said compression threshold at least partially 
in response to changes in said received sound signal. 

56. A hearing amplification device comprising: 

a transducer for E reducing a transducer output from a 

transducer input being representative 
1 transducer output being produced by 
5 processing said transducer input according to a transfer 

function, said transfet function being configured to provide 
(1) linear gain for a [transducer input representative of a 
portion of said sound/signal having a sound level less than 
a compression threshold, and (2) rapid compressive gain for 
10 a transducer input representative of a portion of said sound 
signal having a souncj level greater than said compression 
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threshold, wherein said instantaneous compressive gain is 
less than said linear gain; and 

a compression threshold c/ntroller coupled to said 
transducer and configured to s/witch said compression 
threshold between at least tv/o values. 

57. The hearing amplification device of claim 56 wherein 
said controller is configured to switch said compression 
threshold at least partiall/ in response to changes in said 
sound signal. 



58. The hearing amplification device of claim 56 wherein 
said controller is furtheJ configured to switch said 



compression thres 
user input. 



hold at least partially in response to a 



) 



59. A method of diagnoAng an extent and form of hearing 

impairment, said method/ comprising : 

determining an arniunt of low level gain d needed by a 

patient in a plurality /of different audio frequency ranges 

for sound signals haviig a low sound level; 
selecting a compression power p; 
adjusting a heading amplifier device having a 

plurality of channels! corresponding said audio frequency 
ranges to provide thJ determined low level gain Gi for each 
channel and selected/ compression power p, said hearing 
amplification devici being configured to process an input 
signal representative of a sound signal according to a 
merging family of cLnnel transducer characteristics to 
create an amplified 1 signal, said characteristics defined by 
(1) linear gain fol input signals representative of a sound 
signal having a sojind level less than a compression 
threshold, (2) radid compressive gain for input signals 
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representative of a sound signal having a sound level 
greater than a compression threshold- 
presenting a sound signal at In input of the hearing 
amplification device to generate afn amplified signal 
therefrom; 

providing to the patient tlVe amplified signal 
generated from said presented s6und signal; and 

adjusting the values of sjfid compression threshold for 
low level gain G 1 for each chapel and said compression 
power p until the patient communicates that he/she has 
perceived satisfactory resultfe . 

60. A hearing amplification device adapted to receive a 
sound signal, the hearing amplification device comprising: 

at least one channel configured to receive an input 
representative of said sound signal, said at least one 
channel comprising an amplifier for (1) amplifying the input 
throughout a first range off sound levels and (2) 
compressively amplifying tie input throughout a second range 
of sound levels, said sourfd level ranges having at least one 

end point defining at lea^t one extreme value in its 

corresponding range, and 

a compression threshold controller in circuit with 

said amplifier for adjusting the value of at least one sound 

level range end point. 

61. The device of claJm 60 wherein said sound level ranges 
are contiguous at a corJmon end point, and wherein said 
compression threshold controller is configured to adjust the 
value of said common erjd point 



62. The device of cla 



threshold controller is configured to adjust the value of 



.m 



61 wherein said compression 
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said common end point at least partially in response to 
changes in said input. 
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63. A hearing amplification devic^ adapted to receive a 
sound signal, the hearing amplification device comprising: 

at least one channel configured to receive an input 
representative of said sound sig/ial, said channel comprising 
an amplifier for compressively Amplifying said input 
throughout a range of sound Wei values, and 

a controller in circuit with said amplifier for 
adjusting a beginning value of/ said range. 

64. A hearing amplification jkevice adapted to receive a 
sound signal, the hearing amplification device having at 
least one channel configured/ to receive an input 
representative of said soundf signal, an IWDRC amplifier for 
amplifying said input, and L controller coupled to the 
amplifier for adjusting a threshold sound level value for 
compressive amplification df said input. 

65. A hearing amplification device for producing an 
amplified sound signal frJm a received sound signal, said 
hearing amplification dev:.ce comprising a analog signal 
processor configured to: 

pass an analog signa/l representative of said received 
sound signal through a ndnlinear amplifier to thereby create 

1 representative of said amplified 
d nonlinear amplifier is configured 
to provide (1) linear gain for data representative of a 
10 sound signal having a sound level less than a compression 
threshold, (2) instantaneous compressive gain for data 
representative of a sound signal having a sound level 
greater than said compression threshold, wherein said 



an amplified analog signa 
sound signal, wherein sai 
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instantaneous compressive gain is 



.ess than said linear 



gain; and 

adjust said compression th/eshold at least partially 
in response to changes in said /received sound signal, 
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